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SUMMARY 

Rocket-powered flight investigations have been  conducted for   the  
purpose of colqparing damping-in-roll results as obtained from a torque- 
nozzle  technique i n  which the test  configuration is the complete vehicle, 
and  the sting-mount technique i n  which the test  configuration is mounted 
on a nose s t ing  on the rocket-powered vehicle. The Mach  number range of 

ber ranges of about 1 x 106 t o  2.2 X lo6 f o r  the sting-mount  technique, - and  about 2.3 x 10 6 t o  8.0 x 10 6 f o r  the torque-nozzle  technique. Good 
agreement of the  damping-in-roll  derivative was obtained between the two 
techniques  for a configuration  consisting  of a pointed  cylindrical  body 
having  three  rectangular unswept wings of NACA 65~009 a i r fo i l   sec t ions .  

. t hese   t e s t s  was approximately  0.6 t o  1.4 corresponding t o  Reynolds num- 

INTRODUCTION 

The Pi lo t less   Ai rcraf t  Research Division of the  Langley  Aeronautical 
Laboratory employs two free-fl ight  techniques  for the measurement of the 
dampirig-in-roll  derivative. I n  one of these  techniques  the  configuration 
t o  be tested.is at tached  to  the nose  of the  rocket  vehicle  by a sting. 
The en t i r e  test vehicle i s  f o r c e d   t o   r o l l  by of fse t   s tab i l iz ing  fins. 
The resul t ing damping moment of the test configuration is  measured by a 
balance i n  the  noBe of the test  vehic le .   In   th i s  ating-mount  technique, 
the  models are necesearily small. I n  the  other  technique, the test  con- 
figuration, which is the complete vehicle, i s  f o r c e d   t o   r o l l  by the a c t i m  
of 8 special  rocket  nozzle wbich produces a known 3orque  about t h e   r o l l  
axis  i n  addi t ion  to   thrust   dur ing the sustainer  rocket  burning  period. 
The damping-in-roll  derivative is calculated f r o m  the measured incre- 
m e n t  i n   r o l l i n g   v e l o c i t y   a t  a given Mach  num'trer between powered and 
coasting fligh'6. 

UNCLASSlFlED 

- - the  span of the sting-mounted model) produced by -" the   o f fse t   s tab i l iz ing  LJL1 - 
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Rocket-powered flight investigations have  been  conducted f o r  the 
purpose of comparing darqing-in-roll results as obtained from a t o r q u e  
nozzle  technique i n  which the test conffgumtton i s  the c m l e t e  vehicle, 
a d  the sting-mount technique i n  which the test .colafiguration is mounted 
on a nose s t ing  on the rocket-powered vehicle. . The Mach number range of 
these tests was approximately 0.6 t o  1.4 corresponding t o  Reynolds num- 
ber ranges of  about 1 x LO6 t o  2.2 X lo6 f o r   t h e  sting-mount  technique, 
and  about 2.3 X 10 6 t o  8.0 x 10 6 for  the  torque-nozzle  technique. Good 
agreement of the damping-in-roll  derivative was obtained between the t w o  
techniques f o r  a configuration  consisting of a pointed cylindrical body 
having  three  rectangular unswept wings of HACA 65~009 a i r fo i l   sec t ions .  

The Pi lo t less   Afrcraf t  Research  Division of the Langley  Aeronautical 
Laboratory employs two free-Ught techniques  for the measurement of the 
damping-in-roll derivative. In one of these techniques the configuration 
t o  be tested.is attached t o  me nose  of  the  rocket  vehicle  by a sting. 
The entire test vehicle is forced t o  ro l l  by o f f se t   s t ab i l i z ing  fins. 
The resul t ing damping moment of the  test configuration is measured by a 
balance in the nose of the test vehicle. In "this  sting-mount  technique, 
the models are necessarily small. In the other  technique, the test COR- 
figuration, mich is the ccqlete  vehicle, i s  forced t o   r o l l  by the  actim 
of a special  rocket  nozzle which produces a known torque  about the r o l l  
&s i n   add i t ion   t o  thrust during the sustainer  rocket  burning period. 
The damping-in-roll derivative is  calculated fram the measured i n c r e  
ment i n  rol l ing  veloci ty  a t  a given Mach num'lrer between powered and 
coasting flight. 
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I n  order t o  provide  comp&rative results from the  aforementionea 
techniques, a configuration  comisting of a pointed  cylindrical  body 
having  three  rectangular wings employing MACA 63009 a i r fo i l   sec t ions  
attached  near  the  base of the body was t es ted  by both  techniques. The 
use of  a larger  model for  the  torque-nozzle  technique and a scale model 
for   the sting-mount  technique gave . resu l t s  a t  widely  different Reynolds 
numbers f o r  comparison  and evaluation  purposes. The comparisons a re  
made  Over a Mach number range from about 0.-6 t o  1.4. The corresponding 
Reynolds number range was from about 1 x lo6 t o  2.2 lo6 for   the  s t ing-  
mount technique  and from about 2.3  x 106 to 8.0 X 10 '$ for  the  torque- 
nozzle  technique. The flight t e s t s  were conducted a t  the P i lo t less  
Aircraf t  Research Stat ion a t  Wallops Island, Va. 
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SYMBOLS 

damping-in-roll  derivative @) 
rolling-moment coefficient 

wing-tip  helix  angle, radians 

dynamic pressure, pounds per  square  foot 

t o t a l   a r ea  of three wing panels  obtained by extending  leading . 
and t r a i l i n g  edge8 to.   center line of  t es t   vehic le  

diameter of c i r c l e  swept by wing tips., feet 

rolling  angular  velocity,  radians  per second 

flight-path  velocity,  feet  per .second 

Mach number 

TEST VEHICLES AND TESTS 

In both of the  techniques compared herein,  the  dampidg-in-roll 
derivatives were obtained  only at zero  net lift. 

8 
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Torque-Nozzle  Technique 

3 

The general arrangement of the Configuration tested by means of the 
torque-nozzle technique is  s h m  i n  figures 1 and 2. The fuselage, 
rocket motor,  and torque-nozzle arrangement  were identical. t o  models 
described i n  reference 1. The wing haa an aspect ratio of 3.7, no sweep 
or  taper, and NACA 65~009 airfoil  sections  parallel t o  the model center 
line. The wing construction which u&s used t o  obtain  light  but  rigid 
wings is sham in flgure 2. 

In this technique the t e s t  configuration is fokced t o  r o l l  by t h k  
action of a  special canted  rocket  nozzle assembly (f‘ig. 2) Tifiich pro- 
duces a ham torque about the r o l l  a l d s  i n  addition t o  thrust during 
the rocket burning period. The danqing-in-roll  derivative is  calculated 
from the increment in rolling velocfty a t  a given Mach number  between 
sustainer-on and coasting fli&t. It will be noted that  in this technique 
it is  unnecessary t o  correct f o r  any effects-of asymmetry of the  test 
wings. This technique is more completely described in  reference 1. 

Sting-Mount  Technique 

*he general arrangement of the sting-mounted model and the rocket 
vehicle i s  shown i n  figures 3 and 4. The sting-mounted test configura- 
tion was a 0.29k-scale model of the  configuration enq?loyed i n  the  torque 
nozzle technique. 

I 

In this technique the  entire  test  vehicle is forced t o  rol l  during 
flight by the  offset  stabilizing t&l fins, The resulting damping 
moment of the t e s t  configuration is  measured by means of a balance fn 
the nose of the test vehicle. The values of C2 are  calculated from 
this  measured  moment, after applying corrections f o r  any measured 
asymmetry of the  test wings, assuming that the ro l l ing  moment on the 
t e s t  configuration would be zero xhen the  rolling  velocity was zero. A . 
description of this sting-mount technique is gLven - i n  reference 2. 

P 

The variation of Reynolde  ‘number, based on wing chord, is s h m  In 
figure 5 f o r  both techniques. The Reynolds  numbers differ by a factor 
of 3 or  greater over the Mach nmber range. 

RESULTS AND DISXJSSION 

The basic aeroaynamic quantities measured by the two techniques are 
shown i n  figure 6. Figure 6(a) illustrates  data from the sting-mount 
technique by showing the h e m  angles of the  vehicle (pb/2V based on 
the span of the sting-mounted m-1) produced by the  offset  stabilizing 
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f i n s  a t  the  rear.  The damping-in-roll  derivative was obtained by 
dividing, the Cz by the 'pb/2V which assumes t ha t  Cz = 0 a t  zero 
rol l ing  veloci ty  and tha t  C2 i s  l i nea r  with pb/ZV. 

2P 

Figure  6lb)  i l lustrates  the data fram torque-nozzle  technique showing 
the  var ia t ion of ro l l ing   ve loc i ty   for   the  known torque  or  roll ing moment 
produced by the  canted  nozzles. Shown are the   resu l t s   for  two nominally 
ident ical  models di f fe r ing  only in  booster  rocket motors so  that   the  
resul t ing Mach number ranges of the data are different  but  overlapping. 
The damping-in-roll derivative was obtained from the knam rolling- 

moment . .  coefficient and the differences in hel ix  angle & a t  a given 
Mach  number RS explained more fully i n  reference 1. 

% 

.Also  sham i n  figure 6(b) i s  the wing-dropping phenomenon, reported 
i n  reference 3, as evidenced by the  abrupt change in   pb/N  near  M = 0.9 
in  the  coasting part, of the  f l ight .  Shown i e  a f'aired l ine  across   this  
wing-drop discontinuity. This f a i r ing  i s  comparable t o   t h e  assumption 

tha t  Cz = 0 at = 0 in  the  sthg-mount  technique. The discontinuity rn 
which occurs in   t he '  sustainer-On  curves a t  approximately  the same Mach 
number was not  faired  out initsmuch as this  discontinuity  probably  reflects ' - 
some change i n   t h e  damping in r o l l  as well as a wing-dropping tendency. 
The values  obtained by the  fairing  across  the t r i m  change which - 
occurred  during  coasting flight w e r e  used i n  determining the C values 

which are c-ared with the  C values determined from the sting- 
mount technique in figure 7. The single curve f o r  the torque-nozzle 
technique was obtained by averaging results obtained with two models 
employing dif f'erent boosters. 

2v 

2P 
2P 

The camparisan of the C values fram the  two techniques (fig. 7)  
zP 

shows  good agreement, wen though the Reynolds numbers differed  consider- 
ably f o r  the two t e s t  techniques. Both techniques  recorded  abrupt changes 
i n   t h e  damping i n  roll In the Mach  number range from 0.9 to 1.0 which are 
not  necesaarily changes i n  Czp, but may r e s u l t  from changes i n  measured 
ro l l ing  moment or   rol l ing  veloci ty  caused by local shock  and boundary- 
layer   interact ion  effects  i n  t h i s  Mach  number region. The measurement 
of the damping i n   r o l l  a t  transonic  speeds of wings which exhibit wing 
droppillg by means of the  present  techniques, both of  which assume t ha t  

2P 
5.8 constant a t  a given Mach  number, i s  only qualitative  inasmch 

as wing dropping may be regarded as r e s u l t i n g  in   var iab le  a t  a 

given Mach number. It should be noted, however, that  the  transonic 
CzP 
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lateral  flying  qualities  of  airplanes  having  wings  susceptible  to  wing 
dropping will probably  be  more  affected by this  wing  dropping  than  by 
any damping-in-roll  which may be  developed. 

With  the  torque-nozzle  technique,  the  effects of variation of.helix 
angle on damping  were  determined  for a range  of  helix  angles  from 0.006 
to 0.045 radian  by  the  use  of  different  cant  angles in  the  nozzle 
assemblies  (fig. 2) to  vary  the  incremental  rolling  velocity  between 
sustainer-on  and  coasting  flight.  Three  cant  angles  were  employed  and 

- the  results  obtained  are s h m  in  figure 8. A model  with 25O cant  angles 

gave & values of 0.006 to 0.020; two  models  with 30' cant  angles 

gave + values  of 0.008 to 0.032; and  two  models  with 40' cant  angles 

gave & values  of 0.011 to 0.045. An average  curve i s  presented  for 

the  two  models in each  case.  The  ranges  of D- are  such  that,  in  each 

case;  the  smaller  values  of 6 occurred  at  the  highest  Mach  numbers 

and  conversely  the  larger  values  of & occurred  at  the  lowest  Mach 
numbers.  As can be  noted in figure 8, for  the  ranges  of  helix  angles 
investigated, no significant  changes  occurred in the  damping in roll. 
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CONCLUSIONS 

Comparative  damping-in-roll  tests  of a configuration  consisting  of 
a pointed  cylindrical  body'  haying  three  rectangula-r wings of  aspect 
ratio 3.7, no  sweep, and NACA 65~009 airfoil  sections were made  by  the 
torque-nozzle  techpique  and  the  sting-mount  technique. Good agreement 
between  the  values  of  Cz  (damping-in-roll  derivative) was obtained  in 
the  Mach  number knge from 0.6 to 1.4 for  Reynolds number ranges  of 
1.0 x 10 6 to 2.2 x 10 6 for  the  sting-mount  technique  and 2.3 x lo6 to 
8.0 x 10 6 for  the  torque-nozzle  technique. 

P 

Langley  Aeronautical  Laboratory 
National  Advisory  Committee  .for  Aeronautics 

Langley  Field,  Va. 
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Figure 1.- Torque-nozzle technique configuration. 
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Figure 3.- Sting-mounted test configuration. 
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Figure 5 .  - VarPation of Reynolda number with Mach number. 
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(a) Sting-mount  technique. 

Figure 6.- Aerodynamic  quantities  measured by the two testing  techniques. 
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(b) Torque-nozzle technique. Two nominally identical mdels xith different 
boost  rocket motors. 

Figure  6.-'Concluded. 
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Figure 7.- Compglrison  damping-in-roll  derivative  from  the  sting-mount  and 
torque-nozzle  techniques. 
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.- Variation of C z values  for  various ranges of helix  angles  as P 
aetermined with  the torque-nozzle  technique. 
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